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Methods 

Selection criteria for included studies 

The following criteria were used to determine eligibility for MS and handling: (1) Litters had to be randomized to either MS, 

handling or control condition. (2) Pups needed to be physically separated from their dams for 1-6 hours (MS), or less then 20min for 

handling, with separation taking place for 8-22 days beginning with the first 3 days of life [postnatal day (P) 1-3]. (3) During 

separation, pups needed to be removed from their home cage. They could be transferred to an incubator or kept at ambient 

temperature in a new cage. During the separation, pups could be kept as a group or individually isolated.  (4) Dams could be 

removed or stay in the home cage, but could not be exposed to any additional stress during the separation period. (5) Nesting 

material was available to construct a nest. (6) Studies needed to have enough information to calculate effect size (number of animals 

per group, mean, Standard Error of the Mean or Standard Deviation). (7) Information regarding sex and age of testing needed to be 

available. (8) Testing for MWM, NOR, or CFC in offspring ages greater than P25 needed to be included. (9) Control groups needed 

to be raised under Animal Facility Rearing (AFR) or Non-Handled (NH) conditions. (10) Studies were conducted in rodents (mice or 

rats) and (11) were written in the English language.  

Eligibility criteria for LBN included: (1) Litters were randomized to either LBN or control condition. (2) Pups needed to be 

exposed to LBN from P0-21, with or without mesh. (3) Pups could not be separated from the dam. (4) Studies needed to have 

enough information to calculate effect size. (5) Information regarding sex and age of testing needed to be available. (6) Tests for the 

MWM, NOR, or CFC in offspring ages greater than P25 needed to be included. (7) Studies were conducted in rodents (mice or rats) 

and (8) were available in the English language.  
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Data Extraction 

For handling and MS, data collected from each study included author, year, species, strain, sex, age of testing, test (MWM, NOR, 

CFC), length of separation(hours/minutes), age of initiating the separation, duration of separation (days), temperature at separation, 

and single vs whole litter separation. For LBN, data collected included author, year, species, strain, sex, age of testing, test (MWM, 

NOR, CFC), test outcomes, mesh type, and age of starting LBN and duration (days). Test outcomes were collected as mean and 

variance measure (SEM and SD) by sex, and group (experimental and control). When data were only available in graphical form the 

program WebPlotDigitizer  (Ankit Rohatgi, 2019) was used to extract numerical values using the distance measurement function 1, 2.  

 

Behavioral measurements 

Only few studies provided information on repeated measures ANOVA during training in the MWM and therefore the latency to find 

the platform during the last day of training was used to assess MWM performance during training (Fig 1). Date from the probe trial= 

percent time swimming in the correct target, was used to calculate Hedge’s g for the probe trial (Fig 2). The preference for the novel 

object= time exploring the novel object/ time exploring both objects was used to calculate effect size for the NOR (Fig 3). Freezing 

time in response to context was used to calculate Hedge’s g for the CFC (Fig 4). 

 

Moderating effects of sex, species, separation index and separation temperature 

The effects of  sex and species (rats vs mice) was examined utilizing the Chi-square (X2) test for subgroup differences 3. Separation 

index was calculated for MS by multiplying the number of days pups were separated from the dam by the length of the separation in 
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hrs. Post-hoc, pairwise comparisons were conducted using the test for subgroup differences to compare outcomes across ELS 

paradigms when the initial test the Chi-square test for subgroup differences was statistically significant. A moderator analysis was 

used to assess the effects of separation index and temp of separation on cognitive performance in the three tests for MS using 

Comprehensive Meta-Analysis Version 3.0. All moderators were assessed individually after adjusting for species (and sex when 

necessary), the threshold of statistical significance was set at p< 0.05. Moderator analyses for separation index and separation temp 

were not conducted for handling because of the small number of studies available and for LBN because no maternal separation 

takes place during the LBN procedure. 
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Figure S1. PRISMA flow diagram. A PRISMA flow diagram depicting the selection process and reasons for excluding studies from the 
analysis. Reasons for exclusion include studies not conducted in mice or rats (criteria 10), studies that did not use handling, MS, or 
LBN (criteria 1). Examples of studies that were excluded based on “separation procedure” include separation procedures for more than 
6hrs daily or less than 8 days, not removing the litter from home cage, additional maternal stress, not providing nesting material, or 
using a split litter design (criteria 2-5). Studies that did not test for MWM, NOR, or CFC (criteria 8). Studies that were excluded under 
“other” category include studies that did not included appropriate control group or were not written in English (criteria 9 & 11). Studies 
that were removed because of “lack of information” included those that did not provide the number of animals or sex of the animals 
(criteria 6). 
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Figure S2. Forest plot summary of the effects of different rodent models of ELS on hippocampal dependent memory. 

 

Handling, Random effects
Handling, Fixed effects
Maternal Separation, Random effects
Maternal Separation, Fixed effects
Limited Bedding and Nesting, Random effects
Limited Bedding and Nesting, Fixed effects

Handling, Random effects
Handling, Fixed effects
Maternal Separation, Random effects
Maternal Separation, Fixed effects
Limited Bedding and Nesting, Random effects
Limited Bedding and Nesting, Fixed effects

Handling, Random effects
Handling, Fixed effects
Maternal Separation, Random effects
Maternal Separation, Fixed effects
Limited Bedding and Nesting, Random effects
Limited Bedding and Nesting, Fixed effects

Handling, Random effects
Handling, Fixed effects
Maternal Separation, Random effects
Maternal Separation, Fixed effects
Limited Bedding and Nesting, Random effects
Limited Bedding and Nesting, Fixed effects

Morris Water Maze: latency to find platform training

Morris Water Maze: probe trial

Novel object recognition (NOR)

Contextual fear conditioning (CFC)

Study

-2 -1 0 1 2

with 95% CI
Hedges's g

0.58 [
0.58 [

-0.39 [
-0.33 [
-0.44 [
-0.44 [

0.72 [
0.58 [

-0.53 [
-0.41 [
-0.83 [
-0.61 [

0.10 [
0.17 [

-0.59 [
-0.58 [
-0.54 [
-0.54 [

-0.48 [
-0.41 [
0.05 [

-0.28 [
-0.38 [
-0.37 [

-0.12,
0.27,

-0.74,
-0.55,
-0.68,
-0.68,

-0.25,
0.06,

-0.93,
-0.62,
-1.51,
-0.94,

-0.68,
-0.30,
-1.11,
-0.86,
-0.82,
-0.80,

-1.12,
-0.83,
-0.58,
-0.53,
-0.91,
-0.88,

1.28]
0.89]

-0.03]
-0.12]
-0.20]
-0.20]

1.69]
1.10]

-0.12]
-0.20]
-0.15]
-0.28]

0.88]
0.65]

-0.08]
-0.29]
-0.26]
-0.28]

0.17]
-0.00]
0.67]

-0.03]
0.16]
0.13]

Summary by Outcomes



Supplemental Information, Rocha et at. (2021). Translational Psychiatry  

 

7 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. Funnel plots for studies looking at the effects of different rodent models of ELS on latency to find a platform in the MWM 
task. 
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Figure S4. Funnel plots for studies looking at the effects of handling, MS, and LBN on performance in the MWM probe trial. 
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Figure S5. Funnel plots for studies looking at the effects of ELS on performance in the NOR test. 
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Figure S6. Funnel plots for studies looking at the effect of handling, MS, and LBN on freezing behavior in the CFC test. 
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Table S1. Detailed summary of all studies used in the meta-analysis. Abbreviations: Animal facility rearing (AFR), Females (F), Males 

(M), number of rodents per group (n), Non-handled (NH) Postnatal day (PND), Standard error of mean (SEM), Variance measured 

(VM). A link to the original excel file is available at: http://www.authorea.com/476416/1KAHz3kUglc11IvQpTt8Mg 

Handling studies 

 

MS studies 
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LBN studies 
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Table S2. Information about the number of studies, sex, and species for each behavioral test is summarized below. 
 
 
ELS Paradigm 

 
Outcome Tested 

 
Total number 
of studies 

 
Number of 
studies in 
males(%) 

 
Number of studies 
in rats(%) 

Handling MWM- Escape Latency 7 5  (71%) 4 (57%) 

MS MWM Escape Latency 15 11 (73%) 15 (100%) 

LBN MWM Escape Latency 12 11 (92%) 5 (42%) 

Handling MWM -Probe Trial 2 1  (50%) 1 (50%) 

MS MWM Probe Trial 15 13 (87%) 15 (100%) 

LBN MWM Probe Trial 6 5 (83%) 2 (33%) 

Handling NOR 3 2 (67%) 2 (67%) 

MS NOR 8 5 (63%) 5  (63%) 

LBN NOR 11 10 (91%) 6 (55%) 

Handling CFC 4 3 (75%) 2 (50%) 

MS CFC 12 7 (58%) 12 (100%) 

LBN CFC 5 3 (60%) 0 (0%) 
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